High temperature adversely affects the plant physiological processes: limits plant growth and reduction in grain yield. Heat stress is often encountered to spring sowing of maize in spring season. Twenty maize inbred lines were studied for days to 50 % anthesis and silking, anthesis-silking interval, leaf firing, tassel blast, SPAD reading and leaf senescence, plant and ear height, leaf area index, ear per plant, cob length and diameter, number of kernel/ear, number of kernel row/ear, number of kernel row, silk receptivity, shelling percentage, thousand kernel weight and grain yield in alpha lattice design at National Maize Research Program at Rampur, Chitwan,Nepal with the objective to identify superior heat stress tolerant lines. Analysis of variance showed significant difference for all the traits. Result of multivariable analysis revealed that twenty inbred lines formed four clusters. The resistance inbred lines and susceptible inbred lines formed different clusters. The members of cluster 4 were found to be tolerant to heat stress due to they had lowest value of tassel blast, leaf firing, and leaf area index with highest value of cob diameter and length, ear per plant, number of kernel row/ear, number of kernel/ear, number of kernel row, shelling percentage, silk receptivity and grain yield whereas as members of cluster 1were found most susceptible due to they had longer anthesis silking interval, with maximum tassel blast and leaf firing along with no grain yield under heat stress condition. From this study inbred lines RL-140, RML-76, RML-91 and RML-40 were found most tolerant to heat stress. These inbred lines belonging to superior cluster could be considered very useful in developing heat tolerant variety and other breeding activities.
INTRODUCTION
Maize (Zea Mays L.) is an important cereals crop belongs to the tribe Maydeae, of the grass family, Poaceae and popularly known as the 'queen of cereals' (Dhaka et al., 2010) .It is important cereal crop worldwide after wheat and rice in worldwide and second most staple food crop both in term of area and production after rice in Nepal. It is grown in 8, 91,583 ha producing 2.2 million tons, with an average yield of 2500 kg/ha (MoAD, 2016) .Beside direct consumption as food, it is also an important source of industrials raw materials example the manufacture a starch, dextrose, oil sugar, syrup, enzymes, adhesive paper and plastic. Maize demand will be double in developing world in 2050 and it predicted as crop of greatest production globally and in developing world by 2025 (Rosegrant et al., 2008) . Climate change effects such as global warming is major challenge on crop production and identify possible ways that would allow yield ceilings to shift by developing improved thermos tolerant cultivars. Therefore these efforts are particularly important in south Asia, where current production systems are not sustainable and could be adversely impacted by climate change in the near future (Niyogi et al., 2010) . Heat and drought stress have emerged as a common problem worldwide which can reduce maize crop productivity (Ali et al., 2015 ) .A record drop in maize production was reported in many maize-growing areas of the world (Van der Velde et al., 2010) .It is predicted that maize yield might be reduced up 70 % due to increasing temperatures (Khodarahmpour et al., 2011) . Genetic diversity analysis is imperative in crop improvement and can be studied through morphological, biochemical and molecular markers. Morphological characterization for genetic divergence among genotypes is considered an initial step (Khan et al., 2014) .Therefore morphological data has play key role in management of genetic resources. To management of genetic resource study relationships and description and classification of germplasm the morphological characterization is the first step (Smith & Smith, 1989) .Cluster analysis is frequently used to classify maize accessions and can be used by breeders and geneticists to identify subsets of accessions which have potential utility for specific breeding or genetic purposes (Rincon et al., 1996) . The main aim of using a cluster technique in plant breeding trials is to group the varieties into several homogeneous groups such that those varieties within a group have a similar response pattern across the locations. Many researchers have used principal component analysis to assess genetic variability among maize genotypes because it retrieves small numbers of components that account for most of the variations in the data (Asare, 2016) .The objective of the research was to identify superior heat stress tolerant inbred lines after clustering them based on their response to heat stress condition.
METERIALS AND METHOD
The research was conducted at National Maize Research Program (NMRP) of Rampur, Chitwan Nepal during spring season from February 24, 2015 to July 2016, geographically located at 27º 37' North Latitude and 84 º 29' East longitude at an altitude of 225 meter above sea level. This site contains only sandy loam soil with acidic reaction. This research location is characteristics of subtropical climate. The plant materials were collected from National Maize Research Program (NMRP).The list of inbred lines along with pedigree information included in the study is presented in Table 1 . Field experiment was conducted in alpha lattice design. There were two conditions: normal and plastic house (for heat stress), each condition replicated twice. Each replication comprised four blocks consisting of five plots each. Each plot was 3 meter in length 0.6 meter wide. Each plot had one row with spacing 20 cm between rows, inter block gap was 0.5 m was maintained. Each plot contained single row with spacing 60×20 cm and consisted 15 hills, each of two seed were sown, one of whose seedling were removed at the six leaves stage. The dose of chemical fertilizer applied was 120:60:40 kg NPK per hectare. Fertilizer were applied prior to sowing at rate of N 60 kg/ha, P 60 kg/ha and K 40 kg/ha and additional side dressing of 30 N kg/ha were applied at the two times in six leaves stage and knee high stage of maize. The irrigation was done three important stage, knee high stage, tasseling stage and milking stage. To created heat stress condition maize study half of field was controlled heating imposed using two plastic (120gsm) houses were used two week just prior to the onset of reproductive period up to the crop harvesting. Maximum mean temperature 46.2 º C in April in heat stress condition whereas as normal condition was 37.23 º C and similarly for May month in maximum mean temperature was 43.28 º C whereas in normal condition 34.54 º C means mean temperature 8-9 º C higher in plastic house at time of flowering, pollination and grain filling periods responsible for creates heat stress condition as shown in Fig 1. Partial opening top side of tunnel was done for control relative humidity inside tunnel to avoid any possible disease outbreak. (2017) 
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Data collection
Data on days to 50% anthesis, days to 50% silking and ears per plot, leaf firing, tassel blast, leaf senescence were recorded on plot basis. Whereas, ear height (cm), number of kernels/cob, number of kernel row, number of kernel row/ear, SPAD reading, leaf area index, silk receptivity, thousand kernel weight (g) and shelling per cent were recorded on five selected representative plants. The sample cobs were shelled, cleaned and grain weight and shank weight were recorded to calculate the shelling percent. Thousand kernel weight was measured by counting 1000 grains from the bulk of each plot after shelling and weighed in grams after the moisture was adjusted to 15%. Anthesis-silking interval (ASI) was calculated by subtracting the number of days taken for 50% anthesis from the number of days taken to50% silk emergence. Leaf area index was calculated by total leaf area divided by land area and multiply by correction factor (0.75). Silk receptivity was recorded by total number of fertilized grains per ear divided by number of potential grain per ear. Leaf firing was obtained by the counting the number of plants that showed leaf firing symptoms (younger leaves near tassel burnt or dried) in the total number of plants in a particular plot and was expressed in percentage. Tassel blast was obtained by the counting the number of plants that showed tassel blast symptoms (tassel dried with partial or no pollen shedding) in the total number of plants in particular plot was expressed in percentage. Grain yield was calculated using formula adopted by Carangal et al. (1971) and Shrestha et al. (2015) by adjusting the grain moisture at 15% and converted to the grain yield per hectare.
Statistical Analysis
The data recorded on different parameters from in heat stress field were first tabulated and processing in Microsoft excel (MS-Excel, 2010) , then subjected to restricted maximum likelihood (REML) tool in GenStat to obtain ANOVA. These collected data were subjected to cluster analysis (average linkage method) and principal component analysis using statistical software packages of Minitab ver.17. (2017) 
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RESULTS
The present study genetic diversity for heat stress tolerance was analyzed among 20 maize inbred lines on the basis of 19 agro morphological traits. The result of descriptive analysis (Table1) showed that leaf firing percentage had highest variation (52.3) fallowed by tassel blast percentage (22.93), anthesis silking interval (21.9), SPAD (14.22).Among trait plant physiological maturity showed the lowest variation (1.5). Significant variation among inbred lines differences for grain yield and anthesis silking interval, SPAD reading and leaf senescence, tassel blast and leaf firing percentage, plant and ear height, leaf area index, ear per plant, cob length and diameter, number of kernel/ear, number of kernel row, number kernel/ear, silk receptivity, shelling percentage, thousand kernel weight under heat stress condition. The mean value of observed traits anthesis silking interval, leaf area index, leaf firing, tassel blast, leaf senescence, SPAD, plant height, ear height, plant maturity, cob length, cob diameter, number of kernel row/ear, number kernel/ear, number of kernel row, silk receptivity, shelling percentage, thousand kernel weight and grain yield as presented in Table 1 .Inbred lines RML-91 (716.8 kg/ha) fallowed by RL-140 (702.9 kg/ha) and RML-76 (689.5 kg/ha) produces maximum yield whereas as inbred lines NML-2, RL-105, RL-111, RML-115, RML-24, RML-4, RML-86, and RML-95 produces barren cob under heat stress condition. 
Cluster Analysis
All the inbred lines were clustered using day to 50 % tasseling and silking, anthesis-silking interval (ASI), leaf firing, tassel blast, SPAD reading and leaf senescence, plant and ear height, leaf area index, ear per plant, cob length and diameter, number of kernel/ear, number of kernel row, number kernel/ear, silk receptivity, shelling percentage, thousand kernel weight at heat stress condition as variables. The dendrogram reveled four clusters with minimum of 22.47 % similarity level in UPGMA Clustering. The distance between the clusters centroid was found highest between clusters 1 and 4 and lowest between clusters 2 and 4 is presented in Table 2 .The clusters were divided into two groups: group A and Group B. Group A consisted of one cluster named as cluster one whereas group B consisted of three clusters namely Cluster2, Cluster 3 and cluster 4. RML-86, RML-95 and RML-115 which represent 40% of total lines. Inbred lines grouped in this cluster had longer anthesis silking interval, with maximum tassel blast and leaf firing along with zero value for grain yield including cob length, cob diameter and length, number of kernel row/ear, number of kernel/ear, number of kernel row, shelling percentage, silk receptivity and thousand kernel weight. The lines of this cluster are most susceptible to heat stress. Cluster 2 consisted of 5 lines named as RL-101, RML-17, RML-32, RML-96 and RML-7, 25% of total lines was characterized with had highest leaf senescence fallowed by thousand kernel weight and lowest for cob diameter and length, ear per plant, number of kernel row/ear, number of kernel/ear and number of kernel row. The inbred lines categorized into cluster 3 were RL-107, RML-20 &RML-57, 15 % of total lines had shorter plant and ear height, late physiological maturity and highest for ear per plant. Cluster 4 consisted of 4 lines named as RL-140, RML-76, RML-91 and RML-40, 20 % of total lines were characterized by lowest value of tassel blast, leaf firing, leaf area index with highest value of cob diameter and length, ear per plant, number of kernel row/ear, number of kernel/ear, number of kernel row, shelling percentage, silk receptivity and grain yield in heat stress condition. Since this cluster of lines had superior trait value for heat stressed condition, these lines may be of interest to researchers. 
Principal Component Analysis
The PCA showed close resemblance with clustering and partitioned the total variance into 4 PCs having eigen value ˃1 explanining 85.9 % of total vaiation with eigen value between 10.935 to 1.293, among 20 lines of maize under heat stress,However, the remaning componnent contributed only 14.4 % towards total diversity for this set of maize lines.The first three pricipal component ( number of kernel row/ear (0.026), number of kernel/ear (0.087) and number of kernel/row (0.087).Thus positive relation with grain yield, anthesis silking interval, number of kernel row/ear, number of kernel/ear and number of kernel row, etc. and negative association with tassel blast, leaf firing, leaf senescence, ear height, thousand kernel weight, shelling percentage lead to this principal component had variability and selection within this is importance for heat stress condition as shown in Table 3 .The present research revealed that these genotype formed in cluster four in heat stress condition were found most tolerant to heat stress. The finding PCA supported the result obtained by cluster analysis and PCA score plot was shown in figure 3. 
DISCUSSION
In present study there is sustainable genetic diversity in grain yield and heat tolerance trait. Khodarahmpour et al. (2011) reported similar finding reduced grain yield up to 70% under heat stress condition in maize inbred lines. Grain yield reduction was associated with poor pollen viability under heat stress condition reported by Rowhani et al. (2011) .Pre-anthesis stress in plants absorption of fertilized structure and reduced ear growth rate lead to reduction in kernel number leading to barrenness and ultimate affect crop yield reported by Cicchino et al., (2010b) . There were four considerable genetic divergence groups due to genetic factor also subjected to environmental factor. Shrestha (2016) also reported that significant amount of genetic diversity for in maize inbred line for their different morphological traits. Krupakar et al. (2009) also have assessed the range of variability of 16 genotypes for 14 traits in maize. The presence of divergent cluster indicated their superior trait value for heat stressed condition; these inbred lines may be of interest to researcher for abiotic stress breeding. Souza and Sorrels (1991) also reported estimation of genetic diversity and relationships among germplasm accessions facilitates the selection of parents with diverse genetic background which is very essential for breeding program. Thus similar finding about presence of genetic diversity in maize yield and its component were also reported by Singh and Chaudharai (2003) .In present study cluster 4 were most heat stress tolerance this finding similar by Ali et al. (2008) who reported that cluster analysis can be useful for finding high yielding genotypes. In this study of principal component use to reduces of original variables into four principal component and information about each variable which support cluster analysis result. These findings were similar to the results founded by Syafii et al. (2015) and Kamara et al. (2003) .In present finding multivariable analysis help to selection of inbred lines for heat stress tolerance breeding: similar to the results reported by Akte ret al., (2009).
CONCLUSION
The genetic diversity was observed in inbred lines differences for grain yield and anthesis silking interval, SPAD reading and leaf senescence, tassel blast and leaf firing percentage, plant and ear height, leaf area index, ear per plant, cob length and diameter, number kernel ear -1 , number of kernel rowear -1 , number kernel row, silk receptivity, shelling percentage, thousand kernel weight under heat stress condition. UPGMA revealed that inbred lines formed four distinct clusters. The resistant lines and susceptible lines formed different clusters. The member of cluster 4 was found to be tolerance to heat stress where as members of cluster 1 were found most susceptible to heat stress. From this study inbred lines RL-140, RML-76, RML-91 and RML-40 were found most tolerant to heat stress as shown by lower reduction in grain yield and heat tolerance trait tassel blast, leaf firing and shorter anthesis siliking interval. The PCA showed close resemblance with clustering. The presence of high level of diversity among the inbred line for heat stress tolerance grouped into divergent cluster indicated their superior trait value for heat stressed condition; these inbred lines may be of interest to researcher for abiotic stress breeding.
